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Each month, Chemistry & Biology Select highlights a selection of research reports from the recent
literature. These highlights are a snapshot of interesting research done across the field of chemical
biology, and thismonth’s Select includes reports on a synthetic pH sensor, a tag that guides assem-
bly of proteins into nanomaterials, a role of an intermediary metabolite in regulation of stem cells,
and DNA-barcoded nucleosome libraries.Synthetic pH Sensor
Although actual physiological pH values vary across a wide range depending on the exact organ, cellular compartment, or
body fluid, for most biochemical processes in human, the optimal pH window is centered at 7.4 and maintained at that level
by a CO2-bicarbonate buffering system. One of the protein cells use to monitor extracellular pH is a G protein-coupled recep-
tor, T cell death-associated gene 8 (TDAG8). Ausla¨nder et al. (2014) take advantage of TDAG8’s intrinsic proton sensing prop-
erties to connect it with specific gene expression readouts, thus creating a synthetic pH-sensor device that reports on
physiologic acidosis. In their design, a decrease in pH is sensed by TDAG8 and translated into an increase in cAMP levels
via a specific G protein and adenylate cyclase and further downstream leads to CREB1-mediated activation of the desired
synthetic promoters (PCRE) containing cAMP-response elements (CRE) and expression of the desired gene. The authors vali-
date that the sensor works in differentmammalian cell lines and in the 6.5–7.35 pH range. Next, Ausla¨nder et al. show that their
system can be used to control gene expression by varying CO2 levels; they named this set up ‘‘CO2ntrol device.’’ In this
context, a change in CO2 leads to a change in extracellular pH that triggers expression of the target gene via the TDAG8-
based process described above, thus achieving gas-inducible gene expression in mammalian cells. Additionally, they
demonstrate that they can generate CO2ntrol-programmable logic gates when the CO2ntrol device is combined with different
small molecule-responsive transcription control devices. In another example, Ausla¨nder et al. link pH-Sensor with expression
of a secretion-engineered insulin variant. They named this application pH-Guard because its linked system allows correction
of the acidotic state found in type I diabetes by increasing expression and secretion of insulin and thus restoring glucose ho-
meostasis. Overall, the synthetic pH sensor described in this work represents a versatile platform for coupling extracellular pH
levels with specific gene expression patterns that can be controlled to generate proteins of biotechnological or medicinal
importance.
Ausla¨nder et al. (2014) Mol. Cell. Published online July 9, 2014. http://dx.doi.org/10.1016/j.molcel.2014.06.007.Hudalla et al. use ‘‘bTail’’, a tag
developed by the authors, to
achieve control over the
stoichiometry of the protein-
based nanomaterials
(illustrated by tuning in various
colors with the red/green/blue
fluorescent proteins). Image
courtesy of Peter Allen.Tags thatGuideAssembly of Proteins intoNanomaterials
Protein-based nanomaterials are of significant interest for a number of different applications
ranging from medical, such as drug delivery and tissue engineering, to technological, such
as energy and nano-electronics. Despite the potential impact on biomedicine and biotech-
nology, until now a method to generate biomaterials by the controlled assembly of multiple
different functional proteins into nanomaterials of precisely predictable compositions has
been lacking. Hudalla et al. now tackle this problem and describe a general strategy to produce
nanofibers with fully integrated protein ligands. The strategy is based on using a specific pro-
tein fusion tag that the authors call ‘‘bTail.’’ Hudalla et al. show that bTail undergoes a slow
structural transition from an a helix to a b sheet and, when fused to the protein of interest, leads
to controlled integration of the protein ligands into b sheet peptide nanofibers. Interestingly,
bTail enables cointegration of multiple proteins without the loss of specific protein bioactivity,
as demonstrated by generation of nanomaterials with both bTail-cutinase and bTail-GFP that
retain the activity of both proteins. In another example of the potential application for nanofib-
ers generated using bTail strategy, the authors show that in the context of vaccine design, as-
sembly of the protein antigen into the nanofibers leads to enhanced immunogenicity in mice.
Additionally, administration of nanofibers with both bTail-cutinase and bTail-GFP demon-
strated that the strategy could yield multiantigen vaccines with well-defined and controlled
composition of multiple antigens. This work represents an important step towards production
of high-quality protein-based nanomaterials that contain multiple proteins retaining their native
folds and biological activity.
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An intermediary metabolite, oleic
acid (white), is proposed to bind
RNA-binding protein Musashi-1
(MSI1) at an allosteric site located
away from the RNA binding site.
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Stem cells are of exceptional interest due to their unique physiology and intrinsic ability to
differentiate into any cell type within amulticellular organism. This uniqueness of this phys-
iology underscores the need to better understand the details of the metabolic pathways
that govern it. However, studies of stem cell metabolism are in their infancy; Clingman
et al. move the field in the right direction by describing the link between translational con-
trol and an intermediary metabolite.
The initial goal of the study was to identify small molecule inhibitors of protein Musashi-1
(MSI1) RNA binding.MSI1 plays a role in stem cell maintenance, differentiation, and tumor-
igenesis by binding specific target mRNAs and thus regulating translation. Small molecule
inhibitors of MSI1/mRNA binding might therefore be valuable as tool compounds to study
stem cell biology or as potential anticancer drug leads. The screen of more than 30,000
compounds yielded 4 hits, one of which was oleic acid. The authors decided to follow
up on this observation and present evidence that MSI1 is inhibited not only by oleic acid
but by other 18–22 carbon u-9 monounsaturated fatty acids (MUFAs). This inhibition re-
quires direct MSI1/fatty acid binding; the binding site is located opposite the RNA-binding
surface, suggesting allosteric regulation. Further in vitro and in silico analyses support the
allosteric nature of the inhibition. Interestingly, administration of oleic acid in cell-based as-
says leads to inhibition of the rate of cellular proliferation by inhibiting MSI1. Finally, Cling-
man et al. show that one of the mRNAs under MSI1 control is stearoyl-CoA desaturase
mRNA. This enzyme is responsible for conversion of precursor saturated fatty acids
(SFAs) to MUFAs, a finding that establishes the feedback connection between MUFAs
and MSI1, with MSI1 acting as a metabolite sensor. More generally, the authors speculatethat other RNA binding proteins might be allosterically regulated by metabolites and thus serve as their sensors to link phys-
iology and gene expression.
Clingman et al. (2014) eLife. Published online June 16, 2014. http://dx.doi.org/10.7554/eLife.02848.Nguyen et al. develop a method
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Secrets of the Histone Code
Histones are highly positively charged proteins that bind and organize the eukaryotic DNA
into tight structures called nucleosomes. Initially, this structural, organizational role was
thought to be the only function histones played. However, over the years it became clear
that histones are actively involved in the regulation of transcription of genetic information.
Specifically, numerous posttranslational modifications (PTMs), such as acetylation, methyl-
ation, phosphorylation, and ubiquitination, decorate histone tails and modulate gene
expression by recruiting different protein effectors that recognize, install, and remove spe-
cific histone PTMs. To enable large-scale study of these effectors and the corresponding
PTMs, Nguyen et al. develop a method based on the use of DNA-barcoded libraries of
modified nucleosomes (DNLs). In this setup, modified histones with a defined combination
of PTMs are prepared using protein semisynthesis and assembled into nucleosomes in
which each nucleosomal DNA carries a unique DNA barcode. Next, the DNLs are exposed
to either a well-defined mix of effectors or to the nuclear proteome, and the products are
analyzed by an in vitro ChIP-seq workflow and DNA barcodes sequenced to establish
the link between the unique PTM signatures and specific effectors they bind. Nguyen
et al. illustrate the use of their method on several different examples: profiling histone-
mark readers, the bromodomains (BDs) of p300 and Brd4; profiling histone-mark writers,
the histone acetyl transferase p300; and profiling nuclear proteome to derive the systems
level view of the cross-talk between different PTMs. The selected examples yield insights
into BD-mediated chromatin interactions as well as histone acetylation, methylation, and
their relationships. However, the method is not limited to these two PTMs or any specific
protein effectors and seems to have general applicability for interrogating chromatin
biochemistry in both focused and system level.
Nguyen et al., 2014, Nat. Methods 11, 834–840.Milka Kostic14, 2014 ª2014 Elsevier Ltd All rights reserved
